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Abstract

In 1984, the U.S. Geological Survey entered 
into a cooperative agreement with the Metro 
Wastewater Reclamation District to assess the 
effects of land application of sewage sludge at the 
Lowry sewage-sludge-disposal site east of 
Denver, Colorado. Although the initial interpre 
tive study was completed in 1990, overall data 
collection continued to August 1993. Water- 
quality and water-level data from February 1988 
to August 1993 are presented in this report for 
36 wells at the Lowry sewage-sludge-disposal site 
and adjacent area. Data include field measure 
ments of water temperature, specific conductance, 
and pH and laboratory analytical results for 
selected nutrients, major cations and anions, 
dissolved solids, trace metals, and bacteria.

INTRODUCTION

From 1969 to 1986, the Metro Wastewater 
Reclamation District (MWRD) disposed of about 
233,000 dry tons of municipal sewage sludge by 
incorporation into soil on the Lowry sewage-sludge- 
disposal site and adjacent area (Gaggiani, 1991) near 
Denver, Colorado. In June 1983, concentrations of 
dissolved nitrate as nitrogen in samples collected from 
seven observation wells completed in the alluvial 
aquifer underlying the site exceeded the drinking-water 
standard of 10 mg/L (Gaggiani, 1991) recommended 
by the U.S. Environmental Protection Agency (1986). 
As a result, in 1984, the MWRD entered into a cooper 
ative agreement with the U.S. Geological Survey 
to study the temporal and areal variability in ground- 
water quality due to previous sludge applications. 
Interpretive results of the study were reported by 
Gaggiani (1991). Although the interpretive part of the 
study was concluded in 1990, overall data collection 
continued to August 1993.

Purpose and Scope

This report presents ground-water-quality and 
water-level data for 36 wells at the Lowry sewage- 
sludge-disposal site and adjacent area from February 
1988 to August 1993. Water temperature, specific 
conductance, and pH commonly were measured in the 
field prior to well sampling and are included in the data 
tables when available. Concentrations of nutrients, 
including nitrogen, phosphorus (ortho), major cations 
and anions, dissolved solids, and selected trace metals 
are included in the report. Concentrations of fecal 
coliform and fecal streptococci bacteria are presented 
for most wells. Samples were collected periodically 
from all existing wells in the study site and annually 
from wells inside and outside the study site if the wells 
contained adequate water volumes for sampling 
(>2,OOOmL).

Location and Description of Study Site and 
Area

The study site is located about 15 mi east- 
southeast of Denver (fig. 1). The site consists of about 
1,280 acres of mostly prairie grass and some inter 
spersed brush and cottonwood trees. Senac Creek, an 
ephemeral stream, flows from the south to the north 
through the center of the study site and serves as the 
major drainage for any surface-water runoff from the 
sewage-sludge-disposal site (pi. 1). About 1.5 mi north 
of the primary application area, Senac Creek flows into 
Coal Creek. Coal Creek is an intermittent stream but 
can flow continuously during years of greater than 
normal precipitation. Both stream channels consist of 
undifferentiated bed materials, predominately sand and 
gravel.

Alluvial deposits consist of poorly to well- 
sorted, undifferentiated clay, sand, and gravel of Pleis 
tocene and Holocene age and are present at the bottom 
of the valleys and washes. These deposits, which have 
a maximum measured thickness of 33 ft (Gaggiani, 
1991) at wells 11 and 14 (pi. 1), contain the alluvial- 
aquifer system in the study site. This system consists

Abstract
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figure 1. Location of study site and area.

of alluvial aquifers in the Senac Creek Valley, the Coal 
Creek Valley, and the various smaller tributary valleys 
and hillside swales, all of which generally are hydrauli- 
cally connected (Gaggiani, 1991).

The bedrock aquifer, which underlies the alluvial 
aquifer in the study site, consists mostly of mudstone 
and scattered sandstone lenses. Observation wells 
penetrate to a maximum of 113 ft in the bedrock aquifer, 
and most of the water is obtained from the sandstone 
lenses. A detailed description of the study site 
including land use, climate, geohydrology, and soils 
is contained in Gaggiani (1991).

METHODS OF INVESTIGATION

Ground-Water Sampling

I 
The ground-water-sampling network consisted

of 36 wells (pi. 1, table 1). Thirty wells were com 
pleted in alluvial deposits, and six wells were com 
pleted in bedrock. All of the wells, except the stock 
well (well 8), which was used as a water supply for 
cattle, were drilled by the U.S. Geological Survey for

2 Ground-Water-Quality Data for the Land Application of Sewage Sludge at a Site Near Denver, Colorado, 1988-93



Table 1. Ground-water-sampling sites at and near the Lowry sewage-sludge-disposal site

[A. alluvial aquifer; B, bedrock aquifer; altitude, in feet above National Geodetic Vertical Datum of 1929; wells are listed in downstream order. All wells 
were installed by the U.S. Geological Survey for observation purposes, unless otherwise noted]

Well number 
(see pi. 1)

Local well number 
(see fig. 2)

Well depth 
(feet) Aquifer type Y«rdrilted «ude of land

ALLUVIAL AQUIFER IN SENAC CREEK VALLEY

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

SC00506509DDD1
SC00506509ACD2
SC00506509CAC1
SC00506509BDA1
SC00506509BAA
SC00506509BAA2
SC00506504CAD1
SC00506504CAC
SC00506504CAC2
SC00506504CAB1
SC00506504BDB
SC00506504BAC2
SC00506504BBC1
SC00506504BBB1
SC00506504BBA
SC00406533CCD
SC00406533CCC1
SC00406533CBC2
SC00406533BAB1
SC00406533BAB3
SC00406528CDB

11.0
15.4
25.2
22.2
24.0
31.1
18.2
29.0
18.3
18.0
33.0
19.3
19.6
33.0
23.0
19.5
20.5
26.5
28.0
23.0
35.5

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

1974
1983
1981
1981
1974
1989
1981

before 1974
1981
1975
1974
1983
1981
1981
1989
1989
1984
1989
1975
1974
1989

5,794
5,781
5,810
5,764
5,753
5,750
5,745
5,746
5,738
5,734
5,725
5,728
5,730
5,713
5,715
5,710
5,708
5,700
5,670
5,665
5,650

ALLUVIAL AQUIFER IN COAL CREEK VALLEY

22
23
24
25
26

SC00506503AAD
SC00506503ABB
SC00406534CBB
SC00406528DCA
SC00406528BDD

18.0
18.0
16.0
20.0
20.0

A
A
A
A
A

1989
1974
1974
1974
1974

5,710
5,690
5,665
5,640
5,635

ALLUVIAL AQUIFER IN TRIBUTARY VALLEYS AND HILLSIDE SWALES DRAINING INTO COAL CREEK

27

28
29
30

SC00506504DDA1
SC00506504ADA2
SC00506504AAA4
SC00406534CCB

14.0
17.0
29.0
5.0

A
A
A
A

1983
1983
1983
1989

5,810
5,760
5,710
5,690

BEDROCK AQUIFER IN SENAC CREEK VALLEY

31
32
33
34
35
36

SC00506509DDD2
SC005065009ACB
SC00506504CAB2
SC00506504CAB3
SC00506504BBB2
SC00406533BAB2

113
101
107
108
113
82.0

B
B
B
B
B
B

1984
1984
1975
1989
1984
1975

5,798
5,770
5,734
5,740
5,714
5,670

METHODS OF INVESTIGATION



observation purposes. Local well number, well depth, 
aquifer type, year drilled, and altitude of the land 
surface for all the wells are listed in table 1.

The alluvial wells were cased with 2-in.-diame- 
ter poly vinyl chloride (PVC) pipe, except for wells 
drilled in 1983-84 and 1989, which were cased with 
4-in.-diameter PVC pipe. Alluvial wells penetrated to 
the bottom of the alluvial aquifer. Screens were located 
at the bottom 2 to 3 ft in wells drilled during 1974-75; 
the bottom 5 ft in wells drilled during 1981; and the 
bottom 3 to 6 ft in wells drilled during 1983-84 and 
1989. Samples from the alluvial wells are a mixture of 
water from all depths of the alluvial aquifer because the 
gravel pack extends to within a few feet of the land 
surface. The wells were grouted with cement from the 
gravel pack to the surface and have a protective, steel- 
surface casing (Gaggiani, 1991).

I The six bedrock wells range in depth from 82.0 
to 113 ft below the land surface (table 1). The wells 
were sealed by grout above and below the interface 
between the alluvial and bedrock aquifers so no 
exchange of water could occur between these aquifers 
through the well bore.

Field measurements done on water-quality 
samples collected from the wells included water 
temperature, specific conductance, and pH. Chemical 
analyses were done by the MWRD Central Laboratory 
and included determination of dissolved nitrogen 
species, phosphorus, major cations and anions, 
dissolved solids, and the following trace metals: 
cadmium, chromium, copper, iron, lead, manganese, 
mercury, nickel, and zinc. The dissolved fraction was 
determined by passing water-quality samples through a 
0.45-p,m filter. Sampling techniques are described in 
detail by Gaggiani (1991, p. 22).

Quality Control/Quality Assurance

Samples were submitted for analysis to the 
MWRD Central Laboratory. All samples were 
assigned an arbitrary site number, and the MWRD 
laboratory did not know from which well individual 
samples were obtained. Replicate samples were 
submitted periodically but are not reported in the data 
tables. No anomalies were noted.

GROUND-WATER-QUALITY DATA AND 
WATER LEVELS

The data from the chemical analyses for the 
ground-water samples collected at the Lowry sewage- 
sludge-disposal site and adjacent area from February 
1988 to August 1993 are presented in table 2 in the 
"Hydrologic Data" section at the back of the report. 
Water levels in the observation wells are presented in 
table 3 in the "Hydrologic Data" section.
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System of Numbering Wells

The well locations (local well number) in 
tables 1-3 are based on the Bureau of Land Manage 
ment system of land subdivision and show the location 
of the well by quadrant, township, range, section, and 
position in the section. An illustration of this method 
of well location is shown in figure 2. The first letter "S" 
preceding the location number means that the well is 
located in the area governed by the Sixth Principal 
Meridian. The second letter indicates the quadrant in 
which the well is located. Four quadrants are formed 
by the intersection of the base line and the principal 
meridian A indicates the northeast quadrant; B, the 
northwest; C, the southwest; and D, the southeast. The 
first (numeral indicates the township; the second, the 
range; and the third, the section in which the well is 
located. The letters following the section number 
locate the well within the section. The first letter 
denotes the quarter section and the second, the quarter- 
quarter section. The letters are assigned within the 
section in a counter-clockwise direction, beginning 
with (A) in the northeast quarter. Letters are assigned 
within each quarter-quarter section in the same manner. 
Where two or more locations are within the smallest 
subdivision, consecutive numbers beginning with 1 are 
added in the order in which the wells were inventoried. 
For example, SC00604716AAA indicates a well in the 
northeast quarter of the northeast quarter of the north 
east quarter of sec. 16, T. 6 S., R. 47 W. The "S" refers 
to the Sixth Principal Meridian. The "C" indicates the 
township is south of the base line and that the range is 
west of the principal meridian.

6 Ground-Water-Quality Data for the Land Application of Sewage Sludge at a Site Near Denver, Colorado, 1988-93
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